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The Patent Application of 
Shang-Neng Wu 

for an 

AIR MATTRESS CONTROL UNIT 

Cross References to Related Applications 

[000 1 ] This application is a continuation of US Non-Provisional Utility 

Patent Application No. 10/106,637 filed 26 March 2002. 

[0002] US Non-Provisional Utility Application No. 10/106,637 claimed the 

benefit of U.S. Provisional Patent Application No. 60/278,925 filed 26 March 2001 
and U.S. Provisional Patent Application 60/292,090 filed 17 May 2001 . 

Field of the Invention 
[0003] This invention relates to a control system for controlling the flow of 

air to and fi-om the chambers of a low air loss, patient supporting air mattress. 
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Background of the invention 
[0004] Numeroiis systems have been proposed for controlling the flow of 

air to a low air loss inflatable air mattress. For example, Suzuki et al., in U.S. 
Patent 6,108,843 employed a set of on / off valves in combination with pressure 
sensors to control pressures within a set of air sacks of an air mattress. Schild, in 
U.S. Patent 5,1 17,518 discloses a rotating valve to alternately supply air to sets of 
air chambers in an air mattress. Thomas et, al, in U.S. Patent 5,095,568 teach a flat 
plate valve system for distributing ak to an air mattress. 

[0005] The prior art evidences a search for a simple, reliable and compact 

means for providing a flow of air to the chambers of a low air loss air mattress. 
Numerous complex valves for controlling the flow of air have been developed. 

[0006] One object of the present invention is to provide a simple, compact 

air mattress air supply and control system that is able to operate in different modes 
to supply air to different types of air mattresses. 

[0007] Another object of the present invention is to provide an air mattress 

air supply and control system having a fan and motor that will not over heat as is 
now the case with many existing systems. 

[0008] Yet another object of the present invention is to provide an air 

mattress air supply and control system that can receive an input corresponding to 
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the weight of the supported patient, sense pressure in the chambers of various zones 
of the mattress, convert those sensed pressures to interface pressures between the 
patient and the mattress depending on the location of the zone and weight of the 
patent and then control the flow of air to an air mattress so that the patient / 
mattress interface pressure in each zone remains below a selected value to prevent 
the formation of bed sores. 

[0009] Still yet another object of the present invention is to provide an air 

mattress air supply and control system that can be quickly deflated with reverse air 
flow so that cardiopulmonary resuscitation can be administered to a patient 
supported by the mattress. 

Brief Description of the Invention 
[001 0] The system of the present invention is a system for supplying air and 

controlling the flow of air into and out of the chambers of a patient supporting air 
mattress. It includes an electric motor powered variable speed blower, a two 
position rotary valve, air mattress supply lines communicating between the rotary 
valve and the chambers of the air mattress, a continuous exhaust line also 
connected to the rotary valve, stepper motor controlled valves in the air mattress 
supply lines, pressure sensors between the stepper motor controlled valves and the 
chambers of the air mattress and a control unit. 
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[0011] The variable speed blower has an intake and an exhaust port. The 

inlet port of the two position rotary valve is connected to the blower exhaust port. 
The two position rotary valve can either direct the flow of air from the blower to the 
chambers of the air mattress in a pressurizing mode or route the flow of air from the 
air mattress into the intake of the blower in a vacuum mode in which the air 
mattress is rapidly deflated. When in the pressurizing mode, air exits the rotary 
valve through air mattress supply ports connected to the air mattress supply lines 
that supply air to various chambers of the air mattress. When in the pressurizing 
mode, a portion of the air supplied by the blower also flows out of the rotary valve 
through the continuous exhaust line. The continuous exhaust line provides a 
passageway for air to continuously flow through the blower to cool the blower. The 
stepper motor controlled valves in the air mattress supply lines can incrementally 
close to control the flow of air in the air mattress supply lines. The air pressure 
sensors which are located between the stepper motor controlled valves and the 
chambers of the air mattress sense the air pressure in the lines leading to the air 
mattress. The control unit receives signals from the air pressure sensors and 
responds to those signals by controlling the operations of the blower and the stepper 
motor controlled valves in such a way that the air pressure within the air mattress 
chambers is held within a selected pressure range. 

Brief Description of the Drawings 
[0012] Fig. 1 is a schematic of the system of the present invention. 
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[00 1 3] Fig. 2 is a perspective view of the rotary valve of the system of the 

present invention. 

[0014] Fig. 3 is a bottom view of the rotary valve of the system of the 

present invention taken from plane 3-3 of Fig. 2. 

Detailed Description 
[0015] The system of the present invention 10 is shown in schematic form 

in Fig. 1 . System 10 includes an electric motor powered blower 15, an intake filter 
30, a two position rotary valve 100, air mattress supply lines 302A, 302B, 302C, 
302D and 302S for supplying air to an air mattress 400, continuos exhaust line 304, 
stepper motor controlled valves 31 OA, 31 OB, 3 IOC, and 310D, pressure sensors 
3 12A, 3 12B, 3 12C, and 3 12D, a control unit 50 and a control panel 70. 

[0016] Variable speed blower 15 is powered by an electric motor (not 

shown) such as a 1 lOV AC electric motor. Control xmit 50 can control the power 
supplied to the blower motor. Blower 15 is a blower that is not a positive 
displacement air pump but rather a centrifugal fan type blower. This type of blower 
is appropriate in a system which supplies air to a low air loss air mattress such as 
air mattress 400. Air mattress 400 has a large number of small holes in its upper 
surfaces to permit air to constantly circulate around a supported patient. 

[0017] Blower 15 has an intake port 17 and an exhaust port 19. Rotary 

valve 100 is shown schematically in Fig. 1 and is shown in greater detail in Fig. 2 



6 



Docket 3426W 



and Fig. 3. As is shown in Fig. 1, rotary valve 100 has an inlet port 110 that is in 
pneumatic communication with exhaust port 19 of blower 15. The blower intake 
port 17 is connected by an air tight chamber (not shown) to an outlet port 130 in 
rotary valve 100. As can be seen schematically in Fig. 1, rotary valve 100 includes 
a gate member 200, which in Fig. 1, is shown in a first position for directing air 
flow in a pressurizing mode. Rotary valve 100 has a set of mattress supply ports 
1 12S, 1 12 A, 1 12B, 1 12C and 1 1 2D as well as a continuos exhaust port 1 14. 
Continuos exhaust port 1 14 connects to a line 304 leading to the outside 
environment and provides a passageway for air to constantly flow through and cool 
blower 15. Supply port 1 12S connects to a line 302S that might be used to mflate a 
chamber or set of chambers of the air mattress that might remain inflated at a 
relatively constant pressure. A set of air mattress supply lines 302A, 302B, 302C 
and 302D connect to mattress supply ports 1 12A, 1 12B, 1 12C and 1 12D 
respectively and are each interrupted by control valves 31 OA, 3 1 OB, 3 IOC and 
3 1 OD and pressure sensors 3 1 2 A, 3 1 2B, 3 1 2C and 3 1 2D respectively. Although, in 
the embodiment shown, air mattress supply lines 302A, 302B, 302C and 302D each 
have a control valve and a sensor, it is possible to configure a system where only 
some of those supply lines include a control valve and a sensor. 

[001 8] Each of these identical control valve, sensor arrangements can be 

better understood by considering the control valve, sensor arrangement of air 
mattress supply line 302 A which leads to a chamber or set of chambers in air 
mattress 400. Pressure sensor 3 12A, is used to sense the air pressure in line 302 A. 
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Control valve 31 OA controls the flow of air in line 3 02 A between rotary valve 100 
and air mattress 400. Control valve 3 lOA includes a stepper motor that 
incrementally opens and closes valve 31 OA. Both pressure sensor 31 2A and control 
valve 31 OA are operatively connected to control unit 50 via lines 54A and 52A 
respectively. 

[0019] Preferably, control unit 50 is a programmable control unit that can 

receive inputs from a control panel 70. Control unit 50 is connected to pressure 
sensors 312A, 312B, 312C and 312D via sensor lines 54A, 54B, 54C and 54D 
respectively and to control valves 31 OA, 3 1 OB, 3 IOC and 31 OD via control lines 
52A, 52B, 52C and 52D respectively. Preferably, control unit 50 is also be 
operatively connected to the motor that powers blower 1 5 via a control line 53. 
Control unit 50 receives signals from pressure sensors 3 12A, 3 12B, 3 12C and 3 12D 
and responds to those signals by sending control signals to the stepper motors of 
control valves 31 OA, 3 1 OB, 3 IOC and 31 OD and also, if necessary, by adjusting the 
amount of power supplied to the motor that powers blower 15. 

[0020] The operation on one pressure sensor, control valve combination can 

be considered in order to understand the operation of all four pressure sensor, 
control valve arrangements. Control unit 50 receives a signal from pressure sensor 
312A indicating the air pressure within the set of chambers of air mattress 400 that 
are supplied by line 302A. Control unit 50 responds to the pressure signal to 
determine if the pressure is within a selected range of pressures or above or below a 
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selected range of pressures. Control unit 50 responds to the pressure signal by (1) 
transmitting a signal to incrementally close valve 31 OA when pressure sensor 31 2A 
indicates a pressure that is above the selected range of pressures or by (2) 
transmitting a signal to incrementally open valve 31 OA when pressure sensor 312A 
indicates a pressure that is below the selected range of pressures or by (3) 
transmitting a signal to the motor of blower 15 incrementally increase the supply of 
electrical power to the blower motor to increase the blower output if pressure 
sensor 31 2A indicates a pressure that is below the selected range of pressures and 
valve 31 OA is completely open. 

[002 1 ] System 1 0 may be connected to a type of mattress having transverse 

air chambers arranged in zones much like the arrangement shown in Fig. 1 and can 
be adapted to control the patient, mattress interface pressure to prevent the 
formation of bed sores. Control unit 50 could include an algorithm for converting 
sensed pressure to mattress, patient interface pressure. The mattress, patient 
interface pressure is the pressure of contact between the mattress surface and the 
body of the patient. If that pressure is too high, blood circulation under the 
patient's skin is restricted and the patient develops bed sores. Such an algorithm 
would require an input relating to the weight of the patient and would convert the 
measured back pressure from various zones of the mattress to an approximate 
mattress, patient interface pressures. Control unit 50 would then receive pressure 
values from pressure sensors 31 2A, 31 2B, 3 12C and 31 2D and respond by either 
opening or closmg valves 310A, 310B, 310C and 310D to mamtain pressure in the 
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corresponding chambers of mattress 400 to pressures that correspond to patient, 
mattress interface pressures that are just below the acceptable value, hi this way 
control unit 50 can be adapted within the invention system to control pressure in a 
mattress to prevent bed sores. 

[0022] The selected pressure range targeted by control unit 50 can be a 

constant set of values or a set of values that change with time depending on a pre- 
programmed mode that might be selected using control panel 70. For example, air 
mattress 400 might be configured differently from what is shown in Fig. 1, so that 
the set of chambers supplied by line 302A would all be on one lateral side of the air 
mattress. Control panel 70 might further have a mode selection option for a patient 
turning mode whereby chambers on altemate lateral sides of the air mattress are 
altemately inflated and deflated in unison in a cyclic fashion. In this case, the 
targeted pressure ranges would be constantly changing as sets of air chambers are 
inflated and deflated. 

[0023] System 10 may also be connected to another type of mattress having 

transverse air chambers arranged in a transverse, alternating manner. A pulsating 
air mattress could be arranged where such alternating, staggered sets of chambers 
would be inflated and deflated in accordance with a programmed set of instructions. 
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[0024] Accordingly, system 10 is highly versatile and can be used to supply 

air to various types of air mattresses such as a rotational therapy mattress, a 
pulsating mattress or constant pressure mattress. 

[0025] System 10 is also capable of supporting a cardiopulmonary 

resuscitation (CPR) mode wherein an air mattress connected to the system can be 
quickly deflated so that the patient may be lowered to a firm surface for CPR. The 
CPR mode is activated by turning gate member 200 of rotary valve 100 to a second 
position shown in phantom in Fig. 1 . When in the second position, gate member 
200 directs air from air mattress 400 into intake 17 of blower 15 while air leaving 
blower 15 is directed through filter 30 to the outside environment. Because air 
from air mattress 400 is now routed to intake 17 of blower 15, air mattress 400 
quickly deflates. 

[0026] The arrangement of rotary valve 100 is illustrated in detain in Fig. 2. 

As can be seen in Fig. 2, rotary valve 100 includes a valve housing 101 and a gate 
member 200. Valve housing 101 has an open cylindrical shape and includes an 
outer wall 105 and a base wall 102. Outer wall 105 has an inlet port 1 10 that 
connects with exhaust port 1 9 of blower 1 5 . Outer wall 1 05 of valve housing 1 0 1 
also has air mattress supply ports 1 12S, 1 12A, 1 12B, 1 12C and 1 12D for supplying 
air to various sets of chambers of air mattress 400 shown in Fig. 1 as well as a 
continuous exhaust port 1 14. Air mattress supply ports 1 12S, 1 12A, 1 12B, 1 12C 
and 1 1 2D and exhaust port 1 14 are shown more clearly in Fig. 3 which is a view 
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taken from plane 3-3 of Fig. 2. Base wall 102 of housing 101 has an outlet port 
130. Outlet port 130 and intake port 1 10 are centered upon the same diametric 
plane of housing 101. 

[0027] Gate member 200 is received by valve housing 101 so that it can 

rotate within valve housing 101. Gate member 200 has a first circular end wall 210 
at one end, a second circular end wall 212 at the opposite end, a cylindrical wall 
216 and a horizontal wall 215 that extends between and connects first end wall 210 
and the second end wall 212. First end wall 2 1 0 of gate member 200 comes into 
close proximity or contact with base wall 102 of housing 101 when gate member 
200 in inserted into housing 101. Second end wall 2 1 2 closes rotary valve 1 00 
when gate member 200 in inserted into housing 101. Horizontal wall 215 divides 
gate member 200 into a first portion which is above horizontal wall 215 in Fig. 2 
and a second portion which is below horizontal wall 215 in Fig. 2. Second end wall 
212 has first ports 220 above horizontal wall 215. First ports 220 could easily be 
combined into one port. First ports 220 can be positioned anywhere in second end 
wall 212 above horizontal wall 215. First end wall 210 has a second port 230 
positioned above horizontal wall 215 and a third port 232 positioned below 
horizontal wall 215. As can be better understood by referring to Fig. 1, ports 220 
lead to filter 30 and the outside environment. Cylindrical wall 216 of gate member 
200 is sized to fit within housing 1 0 1 . An upper wall port 2 1 7 opens into the upper 
chamber of gate member 200 while a very extensive lower wall port 218 opens up 
almost all of the lower chamber of gate member 200. Although upper wall port 217 
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is shown in Fig. 2 as an opening in a substantially complete cylindrical wall 216, 
gate member 200 can still function even if upper wall port 217 is as extensive as 
lower wall port 218. With such an open configuration, gate member 200 presents 
first and second portions that are mostly bounded by the first and second end walls 
of gate member 200, horizontal wall 215 and cylmdrical outer wall 105 of housing 
101 when gate member 200 is inserted into housing 101. 

[0028] The various ports and openings of valve housing 101 and gate 

member 200 are arranged so that the valve can operate in a first position in which 
pressurized air is delivered to the air mattress a second position in which air is 
pulled from the air mattress to quickly deflate the air mattress. Air mattress supply 
ports 1 12S, 1 12A, 1 12B, 1 12C and 1 12D and exhaust port 1 14 are positioned in a 
pattem that is adjacent to inlet port 1 10 so that when gate member 200 is tilted in 
the first position, air mattress supply ports 1 12S, 1 12 A, 1 12B, 1 12C and 1 12D, 
exhaust port 1 14 and inlet port 1 10 are on one side of horizontal wall 215 of gate 
member 200 in communication with the second portion of the gate member. 

[0029] When gate member 200 is in the first position, air can flow through 

inlet port 1 10 of housing 101, into the second portion of gate member 200 and then 
out through air mattress supply ports 1 12S, 1 12A, 1 12B, 1 12C and 1 12D and 
exhaust port 1 14. Also while gate member 215 is in the first position, second port 
230 of gate member 200 is aligned with outlet port 130 of valve housing 101 (while 
third port 232 is blocked by base wall 102 of valve housing 101) so that outside air 
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can flow through first ports 220 in second end wall 212, into the first portion of 
gate member 200, through second port 230 of gate member 200, through outlet port 
130 of housing 101 and into the intake of blower 15. When gate member 200 is in 
the first, pressurizing position, air fi-om blower 15 is routed to air mattress 400 
shown in Fig. 1, while outside air is drawn in through filter 30 shown in Fig. 1 and 
into the intake of blower 15. 

[0030] When gate member 200 is turned to a second position, horizontal 

wall 215 is interposed between inlet port 1 10 and air mattress supply ports 1 12S, 
1 12A, 1 12B, 1 12C and 1 12D as well as exhaust port 1 14. When the gate member 
200 is in the second position, third port 232 of gate member 200 aligns with outlet 
port 130 of housing 101 so that air is pulled in through air mattress supply ports 
1 12S, 1 12A, 1 12B, 1 12C and 1 12D, through third port 232, then through outlet port 
130 of housing 101 and into the intake of blower 15. Also when gate member 200 
is in the second, blower exhaust air passes through inlet port 1 10 of housing 101 
and out through first ports 220 into the outside environment (while second port 230 
is blocked by base wall 102 of housing 101). When gate member 200 is in this 
second position, air is drawn out of air mattress 400 shown in Fig. 1 and blower 
exhaust is expelled into the outside environment through filter 30 shown in Fig. 1 
causing air mattress 400 to quickly deflate. To facilitate the vacuum mode, it may 
also be advantageous to locate exhaust port 1 14 in an outside radial position such as 
in the location of air mattress supply port 1 12B shown in Fig. 3 and then to add a 
tab 240 to gate member 200 that only obstructs the relocated exhaust port 1 14 when 
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gate member 200 is in the second position. This would stop air back flow through 
exhaust line 304 when the gate member is in the second, vacuum position. In the 
altemative, it may be advantageous to place a one way flapper valve in line exhaust 
line 304 to prevent such back flow when the system is operating in the rapid 
deflating vacuum mode. 

[003 1] Preferably, rotary valve 100 can be fashioned from injected molded 

plastic. It is preferable to mount gate member 200 in a spring biased manner so that 
gate member is pushed into housing 101 to make firm contact. Because gate 
member 200 is intended to be operated manually, it may also be advantageous to 
mount gate member 200 within housing 101 so that it can only move between the 
first and second positions. Moreover, it would be preferable to have corresponding 
protrusions and recesses in first end wall 210 of gate member 200 and base wall 
101 of housing 101 respectively that engage each other when gate member 200 is in 
a first or a second position to provide an operator with tactile feed-back to indicate 
that rotary valve 100 is either in the first or the second position but not between the 
first or the second position. 

[0032] It is to be understood that while certain forms of this invention have 

been illustrated and described, it is not limited thereto, except in so far as such 
limitations are included in the following claims and allowable equivalents thereof 



